Adenosine phosphorothioates (ATP alpha S and ATP tau S) differentially affect the two steps of mammalian pre-mRNA splicing.
We have investigated the function of ATP hydrolysis in mammalian pre-mRNA in vitro splicing using adenosine phosphorothioates (ATP alpha S and ATP tau S) known to affect the activity of a number of ATP-requiring enzymes. Spliceosome assembly, but neither one of the two transesterification reactions involved in splicing, occurs with ATP alpha S suggesting that at least two types of ATP-requiring factors are brought into play. ATP alpha S has no effect in the presence of normal ATP and, therefore, spliceosomes assembled in the presence of ATP alpha S remain competent for splicing when supplied with normal ATP. ATP tau S noticeably and irreversibly inhibits the second transesterification reaction, i.e. at a time when most of the analog has been hydrolyzed and regenerated to normal ATP by creatine phosphate. This indicates that the inhibition results from an earlier event, most likely the thiophosphorylation of spliceosomal proteins. Under this assumption, the inhibition could be due to the failure of the thiophosphorylated proteins to be dephosphorylated. Indeed, okadaic acid, a potent inhibitor of protein phosphatases, inhibits the second step of a reaction in the presence of normal ATP. We propose that some splicing factors undergo phosphorylation-dephosphorylation cycles during spliceosome assembly and splicing, while others that could be the mammalian equivalents of the RNA helicase-like proteins recently discovered in yeast most likely bind and hydrolyze ATP.